The neutron capture cross sections of 93Nb, 11515In, 127I, 165H0, 181Ta, 232Th and 238U were measured using the Fe-filtered beam. A 15-cm thick Fe filter was placed in the neutron beam produced by the KUR 46-MeV electron Linac and capture g-rays were detected by two C6F6 scintillation detectors located at an 11 .7 m-flight path.
I. INTRODUCTION
A "point" cross section measurement using a filter is an attractive method to determine cross sections accurately because a low background neutron flux can be obtained. If a suitable filter which has a neutron cross section minimum is placed into a pulsed white or a reactor beam, a monochromatic neutron beam is transmitted from the neutron source to the experimental area. In case of a pulsed white beam produced by a target-moderator assembly bombarded by high energy electrons , the monochromatic neutron beam which has a peak at 24.3 keV and a full width at half maximum of about 2 keV was obtained after passing through an iron plate of 30-cm thickness (1) . The background level near the 27-keV peak in the iron cross section was below about 0.15% of the peak counting rate at the II. EXPERIMENTAL METHOD
Apparatus
The experimental arrangement is shown in Fig. 1 . The neutrons were generated by a tantalum photoneutron target with a 5-cm thick polyethylene moderator irradiated with electrons from the KUR 46-MeV linear accelerator. The accelerator was typically operated with a 0.6-µsec electron pulse width and a 140-Hz repetition rate. 
Measurements
By placing a thick 10B sample between two C6F6 detectors, the Fe-filtered beam spectrum near 24 keV was measured.
In this measurement, the electron pulse width was 60 nsec and the channel width of the time analyzer was 30 nsec. As the neutron capture probability of thick 10B sample is nearly constant for neutrons in the 24-keV band , the spectrum shown in Fig. 2 illustrates directly the spectrum of the neutron flux near 24 keV . Since the counting rate of C6F6 detectors for the g -rays emitted when neutrons were captured by nuclei was not high, a 15-cm thick iron filter was used so that the energy band width of the 24-keV filtered neutron beam was broader than that shown in the Refs. (1) and (2) , and the ratio of peak count to the background count is about 200. The resonance shape dips are caused by resonances in the manganese impurity in the iron filter. The incident neutron flux was measured with a 10B sample because the 480-keV r-rays emitted from the 10B(n, a1g) reaction can be detected with the C6F6 detectors.
Boron sample was made of boron powder packed into an aluminum capsule. The sample was chemically analyzed for boron and was isotopically analyzed for 10B. It was found to be 93.93 W/0 B of which 93.27 W/0 was 10B.
About 17% of the incident 24-keV neutrons were captured by this sample. The counting rate of the 480-keV g-ray was apt to vary with the fluctuation of the discrimination level of about 150 keV during a long time experimental run. Thus, in the first run, a reference sample (a 2.5-mm thick Ag plate) was mounted in addition to the "B sample, and a careful comparison was made between the 10B and reference samples.
After this run, the count for the reference sample was used as the neutron monitor.
Metallic samples were used as targets ex- In Figs. 4(a) and (b), the solid dots indicate the background subtracted pulse height spectra.
These g-ray spectra were multiplied by the weighting function of the C6F6 detector obtained previously (6) DI. ANALYSIS
Principle of Analysis
The cross section of neutron capture by a nucleus is usually measured by detection of g -rays emitted promptly from an excited state of the compound nucleus. The g-ray detector where Wi, is the weighting function for the i-th channel of pulse height spectrum, (BE) the neutron binding energy of the compound nucleus and En the incident neutron energy.
Here the chance to detect coincidently two or more g-rays in the same cascade decay is neglected because its probability is very small.
The neutron flux can be derived from the measurement on the 10B sample, if the neutron capture probability of the 10B sample and the detection efficiency of the C6F6 detector for the 480-keV g-ray are known. The capture probability of the 10B sample, YB can be estimated from the 10B(n, a) cross section and the calculation of the sample scattering correction. To determine the detection efficiency of the C6F6 detector for the 480-keV g-ray, the counting rate for the r-rays from the 10B sample was compared with those from a standard sample at the neutron energy, where the standard sample had a "black" saturated 
where superscript g means the quantities at the black resonance, and subscripts S and B show the quantities for the standard sample and for the 10B sample, respectively. Since the ratios of (CW) to (CW)rs and Crb to CB are included in Eq. ( 3 ), the systematic experimental error and the systematic error in the data reduction tend to cancel each other. The factor f represents the ratio of the correction for the g-ray self-absorption in the standard sample to one in the sample. The values of f used in the calculation of the capture probabilities for samples were from 1.00 to 1.11.
Analysis of Capture Data
The Since all measurements are directly related to the capture probability of the 10B sample, the 10B(n, a) cross section is important for the calculation of Y B. According to the new evaluation of the 10B(n, a) cross section proposed by Sowerby et al (8) , it does not vary as 1/vE but falls to a minimum from the 1/vE level in the region of 25 keV. We calculated the average capture probability of the 10 B sample using Sowerby's evaluated cross section and the neutron flux of the region over which the capture counts were integrated. Although the 480-keV g-rays were detected from the 10B(n,a1g) reaction, the ratios of the 10 B(n, a1g) cross section to the 10B(n, a) cross section at the 109Ag resonance energy and the 24 keV are almost constant.
Since the these ratios appear as a ratio in the term CrB/CB in Eq. ( 3 ), it cancels out and does not affect the results.
The 24-keV neutron capture cross sections were derived from the capture probabilities in the samples by correcting multiple scattering and self-shielding in the samples. The scattering cross sections of nuclei at 24 keV which were necessary in the calculation of the scattering corrections were cited from BNL-325 and ENDF-B/1V.
In the case of 127I, the scattering of neutrons from lead was also taken into account because Pbl2 was used as the sample.
Since the thickness of samples were sufficiently thin, the analytical method of the correction1(9) was used and the values of the sample scattering correction factor thus obtained are shown in Table 1 . Even if there is a little systematic error in the scattering correction, the error may be canceled out because the same calculations were used in both the capture probability of the 10B sample and the capture cross sections of the samples. 3 The systematic errors in the measurement are composed of the following factors.
(1) Uncertainty of weighting function : 2% To examine the reliability of the weighting function used in this experiment, the hard g -ray spectrum from the black 4 .9-eV resonance in 197Au and the soft T-ray spectra from the black 5.2-eV resonance in 109Ag and 4.3-eV resonance in 181Ta were measured. The spectra were multiplied by the weighting function.
As the result of the comparison between them, only a 2% discrepancy remains between the hard spectrum and the soft spectra.
The details of the examination of the weighting function used in the present experiment are described elsewhere(6).
(2) Uncertainty of 10B(n , a) cross section : 2% Since the uncertainty of the 10B(n , a) cross section was estimated to be 2% at 10 keV by Sowerby et al. (8), we assumed the error of the 10B(n , a) cross section to be 2%.
(3) Uncertainty of multiple scattering correction : 2% Although the approximate analytical method was used to correct the sample scattering effect, the uncertainty of the correction seemed to be small because the thickness of samples was thin and the correction was applied twice in the opposite direction.
(4) Uncertainty of g-ray self-absorption correction in the sample : 2% The g-ray self-absorption in the sample was calculated by the Monte Carlo method. Because the ratio of the correction factor for a sample to one for the standard sample is included in the final results, the error of calculation cancels out.
(5) Uncertainty of value of capture probability for 5.2-eV black resonance : 1% The value of the saturated capture probability for the 5.2-eV resonance in 109Ag was calculated by the Monte Carlo technique.
It yielded a value of 0.982 with the error of less than 1%.
Thus the over-all systematic error in this experiment was estimated to be about 4%. Since natural indium includes 4.28% 113In isotope, whose capture cross section at 24 keV is not well known, we assumed that the capture cross section was almost same as that of 115In. If the cross section of 113In is actually 50% more or less than the assumed value, 115In capture cross section obtained has about 2% uncertainty.
This uncertainty was considered in the final estimated error assigned to the capture cross section of 115In.
In the case of experiment for thorium, the total neutron flux impinging on Th sample was normalized to that for the reference sample by the counts of a BF3 neutron flux monitor.
Therefore, the capture cross section of thorium includes the uncertainty of monitor counts, which was about 5%.
IV. RESULTS AND DISCUSSION
The present results of the 24-keV capture cross section are shown in Table 2 along with the results of other point cross section measurements. The total errors calculated from the statistical and the systematic errors are about 5-6% except for 232Th and 238U.
Chaubey & Sehgal(10) measured neutron activation cross sections using an Sb-Be photoneutron source. All the cross sections were measured relative to 127I, whose cross section was taken equal to 820 mb. Belanova et al. (11) used the spherical transmission method with an Sb-Be source, which was an absolute measurement of the absorption cross sections. While Rimawi & Chrien(2) have measured the Tables 2 and 3 . The present 127I cross section also agrees well with the result of Rimawi & Chrien.
Recently, we have measured the neutron capture cross section of 165Ho from 3-to 80-keV region using time-of-flight method. By normalizing the measured capture yield to the 24-keV absolute yield described in this paper, the absolute capture cross section can be obtained.
This 
